Reduced requirement of mitogen-activated protein kinase (MAPK) activity for entry into the S phase of the cell cycle in Swiss 3T3 fibroblasts stimulated by bombesin and insulin.
Bombesin induced a marked and persistent activation of the mitogen-activated protein kinase kinase-1 (MEK-1), p42(mapk) and p90(rsk) in Swiss 3T3 cells by a pathway that was independent of p74(raf-1) but dependent on the activity of protein kinase C. Pretreatment of the cells with a specific inhibitor of MEK-1, PD 098059, markedly reduced the early and abolished the sustained phase of bombesin-induced p42(mapk) activation. In addition, PD 098059 prevented bombesin-induced DNA synthesis and progression of the cells through the cell cycle, indicating that the mitogenic effect of bombesin is dependent on the activation of p42(mapk). However, in the presence of insulin, which neither stimulated p42(mapk) activation nor DNA synthesis on its own in Swiss 3T3 cells, bombesin potently stimulated DNA synthesis even at concentrations of PD 098059 (15 microM) that completely abolished the mitogenic effect of bombesin alone. Furthermore, Swiss 3T3 cells stably transfected with interfering mutants of MEK-1 showed a marked decrease in the mitogenic effect of bombesin. In contrast, the combination of bombesin and insulin strongly stimulated DNA synthesis in these cells to levels comparable with that obtained in the wild type cells. Thus, our data demonstrate that insulin dramatically reduced the requirement for the mitogen-activated protein kinase pathway for reinitiation of DNA synthesis in bombesin-treated Swiss 3T3 cells and consequently indicate that the contribution of the mitogen-activated protein kinase cascade to mitogenesis depends on the combination of extracellular signals that are used to stimulate these cells.